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This application claims priority from Japanese 
Patent Application No. 2002-287834 filed September 30, 
2002, which is incorporated hereinto by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

Tbe present invention relates to an ink supply system 
for supplying ink through a connect portion that can be 
connected and disconnected, an ink jet printing apparatus, 
an ink container, an ink refilling container and an ink 
jet cartridge. 



15 DESCRIPTION OF THE RELATED ART 

Among printing apparatus that print an image on a print 
medium by applying ink from a print head onto a print medium , 
there is a serial scan type printing apparatus that applies 

20 ink from the print head onto the print medium while moving 
the print head. As the print head an ink jet print head 
which can eject ink toward the print medium may be used. 

In general, the serial scan type printing apparatus 
using an ink jet print head print an image on a print medium 

25 by repetitively alternating two different operations . one 
that ejects ink from the print head onto the print medium 
while moving in a main scan direction the print Head along 
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with a carriage on which the print head ±s mounted and the 
other that feeds the print medium in a subscan direction 
crossing the main scan direction. The ink that the print 
head ejects is supplied from an ink tank. 
5 One method of supplying ink to the print head involves 

mounting a large ink tank along with the print head on the 
carriage and supplying ink from the large ink tank to the 
print head. With this method, however, mounting the large 
ink tank on the carriage increases the weight of the carriage , 

10 making it difficult to stably drive the carriage in the 
main scan direction at high speed and leading to a possible 
increase in the size of a carriage drive system. Another 
ink supply method involves installing an ink tank at a 
predetermined position in the printing apparatus and 

15 supplying ink from the ink tank to the print head on the 
carriage through a flexible tube. This method also has 
a drawback that variations in carriage moving load and ink 
supply pressure resulting from deformations of the tube 
as the carriage moves may degrade a quality of a printed 

20 image . 

The inventor of this invention previously proposed an 
apparatus that overcomes such drawbacks (Patent Reference 
1) . 

The previously proposed apparatus has a relatively small 
25 subtank mounted on a carriage to supply ink to the print 
head and has a relatively large main tank installed at a 
certain position in the printing apparatus, with the ink 
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being supplied from the main tank to the subtank when the 
carriage reaches a predetermined position. That is, when 
the carriage moves to the predetermined position, a joint 
on the main tank side and a joint on the subtank side are 
5 connected together to form an ink supply path and an ink 
recovery path between the main tank and the subtank. Then , 
the ink is delivered under pressure from the main tank through 
the ink supply path to the subtank until it overflows the 
subtank, with the overflowing ink returned along with air 

10 in the subtank to the main tank through the ink recovery 
path. After the subtank is supplied and overflowed with 
ink, the carriage is moved away from the predetermined 
position to disconnect the joint of the subtank from the 
joint of the main tank, thus disrupting the ink supply path 

15 and the ink recovery path. 

Such a printing apparatus can eliminate drawbacks 
experienced with the conventional apparatus when a large 
ink tank is mounted on the carriage and when ink is supplied 
through a flexible tube* 

20 Patent Reference 2 describes a construction in which 

two connect portions , first and second connect portions , 
are used to supply ink from a first ink container installed 
outside the carriage to a second ink container mounted on 
the carriage . 

25 In this ink supply system a negative pressure generation 

mechanism using a capillary tube member is provided on the 
print head side. During a printing operation, external 
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air (open air) is positively introduced from an atmosphere 
communication port on the print head side into the second 
ink container on the print head side. When an ink sensor 
provided on the print head side detects that a remaining 
5 ink in the second ink container is lower than a predetermined 
level, the carriage moves to a home position where a pump 
connected to the first connect portion discharges air from 
the second ink container and at the same time supplies ink 
from the first ink container connected to the second connect 

xo portion into the second ink container. That is, the first 
connect portion is situated higher in a gravity direction 
than, and the second connect portion is situated lower than, 
the second ink container on the carriage. The air in the 
second ink container is discharged by a suction means such 

15 as pump through the first connect portion and a resulting 
increase in a negative pressure in the second ink container 
draws ink from the first ink container into the second ink 
container through the second connect portion for ink 
refilling. 

20 [Patent Reference 1] 

Japanese Patent Application Publication No. 5-000218 
(1993) 

[Patent Reference 2] 

Japanese Patent Application Laying-open No. 
25 2001-138541 

With the above-proposed apparatus (Patent Reference 
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1) , however, sine© the ink is supplied to the subtank until 
it overflows the subtank, the ink continues to be supplied 
after the subtank is full. Further, since it is necessary 
to recover the ink overflowing from the subtank, the printing 
5 apparatus is likely to become complex in construction and 
large in size. 

The apparatus of the Patent Reference 2 also uses a 
suction produced by a pump in supplying ink, so its size 
may become large. Further, in this apparatus since air 

10 is actively introduced into the second ink container on 
the carriage during printing, when the ink in the second 
ink container is supplied continuously to the print head 
in a relatively large volume for printing , the air introduced 
into the second ink container may be drawn into the print 

15 head causing a printing failure. If such a trouble is to 
be avoided, an installation space between the negative 
pressure generation mechanism and the print head must be 
increased to prevent the air taken in from the negative 
pressure generation mechanism from being drawn into the 

20 print head. This puts limitations on their arrangements 
and sizes . 

Further, the air in the second ink container on the 
carriage expands and contracts due to environmental 
variations such as ambient temperature and pressure changes 
25 causing pressure changes in the second ink container. 

Positive pressures as a result of pressure changes may cause 
ink leakage from nozzles of the print head- Conversely, 
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excessive negative pressures may result in an improper ink 
ejection or a failure to eject ink. Therefore, in the 
construction of the apparatus of the cited Reference 2 , 
it is necessary to increase the size of the capillary tube 
5 member, which also doubles as a buffer, to secure reliability . 
This hinders a reduction in the size of the print head. 
Increasing the size of the capillary tube member may lead 
to an increased size of the print head and a more complicated 
structure . 

ao Further, if a means to forcibly move a gas out of the 

second ink container, such as a pump, is not used and 
particularly if the second ink container on the carriage 
is a hermetically closed system (i.e., if the second ink 
container excluding its connect portions for the first ink 

is container and for the print head virtually forms a 

hermetically closed space), the gas in the second ink 
container cannot be removed but builds up in the second 
ink container . When a means such as pump to forcibly move 
a gas out of the second ink container is not used, even 

20 if the ink is supplied intermittently from the first ink 
container to the second ink container, the gas accumulated 
in the second ink container cannot be removed and will degrade 
an efficiency of ink refilling into the second ink container . 

iS SUMMARY OP THE INVENTION 

It is an object of the present invention to provide 
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an ink supply system, an ink jet printing apparatus, an 
ink container, an ink refilling container and an ink jet 
cartridge which, when intermittently supplying ink through 
a disconnectable connect portion, can supply a 
5 predetermined volume of ink easily and smoothly. 

Another object of the present invention is to provide 
an ink supply system, an ink jet printing apparatus, an 
ink container, an ink refilling container and an ink jet 
cartridge which can quickly and smoothly discharge a gas 
10 which enters into the ink supply system as ink is supplied 
intermittently from the ink container into the ink refilling 
container through disconnectable connect portions , without 
complicating their structure and mechanism. 

In the first aspect of the present invention, there 
15 is provided an ink supply system comprising: 

a first ink storage area to store ink; and 

a second ink storage area connected to the first ink 
storage area through a connecting means to introduce the 
ink from the first ink storage area for supply to a print 
20 head; 

wherein the connecting means disconnect ably connects 
the second ink storage area to the first ink storage area 
and, when the two ink storage areas are connected, forms 
a plurality of communication paths communicating the two 
25 ink storage areas with each other; 

wherein the second ink storage area, excluding the 
plurality of communication paths and a connecting portion 
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with, the print head, virtually forms a hermetically closed 
space; 

wherein, when the ink is refilled into the second ink: 
storage area from the first ink storage area through at 
5 least one of the plurality of communication paths , a gas 
present in the second ink storage area can be transferred 
to the first ink storage area through at least one other 
communication path ; 

wherein the first ink storage area has a space to take 

10 in the gas transferred from the second ink storage area. 

In the second aspect of the present invention, there 
is provided an ink jet printing apparatus for printing an 
image on a print medium by using an ink jet print head, 
the printing apparatus having an ink supply system defined 

is above as a system to supply ink to the ink jet print head. 

in the third aspect of the present Invention, there 
is provided an ink container connected to an ink refilling 
portion through a connecting means to supply ink refilled 
from the ink refilling portion to a print head; 

20 wherein the connecting means forms a plurality of 

communication paths which disconnectably connects the ink 
container to the ink refilling portion and, when the ink 
container is connected to the ink refilling portion, 
communicates them with each other; 

25 wherein the ink container, excluding the plurality of 

communication paths and a connecting portion with the print 
head, virtually forms a hermetically closed space; 
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wherein, when the ink is ref illed from the ink refilling 
portion to the ink container through at least one of the 
plurality of communication paths , a gas present in the ink 
container can be transferred to the ink refilling portion 
through at least one other communication path. 

In the fourth aspect of the present invention, there 
is provided an ink jet cartridge comprising: 

an ink container defined above; and 

an ink jet print head capable of ejecting ink supplied 
from the ink container. 

In the fifth aspect of the present invention, there 
is provided an ink refilling container connected to an ink 
container through a connecting means to refill ink into 
the ink container, the ink container supplying ink to a 
print head, 

wherein the connecting means disconnect ably connects 
the ink container to the ink refilling container and, when 
the ink container and the ink refilling container are 
connected, forms a plurality of communication paths 
communicating the ink container and the ink refilling 
container with each other; 

wherein the ink container, excluding the plurality of 
communication paths and a connecting portion with the print 
head, virtually forms a hermetically closed space; 

wherein, when the ink is refilled into the ink container 
from the ink refilling container through at least one of 
the plurality of communication paths, a gas present in the 



ink container can be transferred to the ink refilling 
container through at least one other communication path; 

wherein the ink refilling container has a space to take 
in the gas transferred from the ink container, 
s In a system that intermittently supplies ink from the 

first ink tank (ink refilling container) to the second ink 
tank (ink container) through a disconnect able connecting 
portion, the construction of this invention can efficiently 
discharge gas from the second ink tank during the ink supply 

10 operation. Further, the gas in the second ink tank can 
be discharged out into the first ink tank and since the 
gas discharged into the first ink tank moves up, it is 
prevented from returning into the second ink tank. This 
can be explained by the principle described below. 

15 When the second ink tank is connected to the first ink 

tank through a connecting means, a negative pressure in 
the second ink tank or a pressure difference resulting from 
a height difference between the first and second ink tanks 
causes ink to be drawn from the first ink tank into the 

20 second ink tank through at least one of a plurality of 
communication paths. As the ink refilling proceeds, the 
gas remaining in the second ink tank is discharged into 
the first ink tank through at least one other communication 
path. For example, when a wall of the second ink tank is 

25 formed of a flexible sheet or elastic member, the wall is 
moved in a direction that increases an inner volume of the 
second ink tank as the ink refilling proceeds - When the 
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wall movement reaches its limit, the ink level in the second 
ink tank begins to rise, forcing the gas in the second ink 
tank out into the first ink tank. At this time, by placing 
an opening of at least one of the communication paths on 
5 the second ink tank side at a position higher than an opening 
of the other communication path, the at least one 
communication path continues to discharge the gas from the 
second ink tank out into the first ink tank even after the 
other communication path has submerged in the ink in the 
10 second ink tank. Therefore, the ink refilling operation 
accompanied by a gas discharge continues to be performed 
until the ink level in the second ink tank reaches the at 
least one communication path. 

According to the present invention, in intermittently 
15 supplying ink from a first ink storage area to a second 
ink storage area through a disconnect able connection means , 
the present invention enables ink to be supplied efficiently 
into the second ink storage area while discharging a gas 
from the second ink storage area. Further, with this 
invention, the supply of ink accompanied by the discharge 
of gas can be implemented without using a driving power 
source such as a pump and no special time is needed for 
discharging the gas . 

When the ink level in the second ink storage area reaches 
a position of the gas discharge communication path, the 
ink supply is automatically stopped. Thus, a required 
volume of ink to fill the second ink storage area full can 
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be supplied to the second ink storage area. 

The above and other objects, effects, features and 
advantages of the present invention will become more 
apparent from the following description of embodiments 
5 thereof taken in conjunction with the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig- 1 is a schematic plan view showing essential 

portions of an ink jet printing apparatus in a first 
embodiment of the present invention; 

-Fig. 2 is a cross -sectional view showing an outline 
construction of an iitk supply system used in the ink jet 
is printing apparatus of Fig. 1; 

Figs. 3A, 3B, 3C and 3D are cross-sectional views showing 
how the ink supply system of Fig. 2 operates; 

Figs. 4A and 4B are cross-sectional views showing a 
connecting portion of the connector in the inJc supply system 
20 of Fig. 2 in disconnected and connected states; 

Fig. 5 is a cross-sectional view showing an outline 
construction of an ink supply system in a second embodiment 
of the present invention; 

Figs. 6A, 6B, 6C and 6D are cross -sectional views showing 
25 how the ink: supply system of Fig. 5 operates; 

Figs. 7A and 7B are cross sectional views showing how 
the ink supply system of Fig. 5 operates; 
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Fig . 8 is a perspective view of a second ink tank according 
to tiie present invention; 

Figs. 9A, 9B and 9C are explanatory diagrams showing 
how a tank sheet of the ink tank of Fig. 8 is formed; 
5 Fig . 10A illustrates a process of manufacturing a spring 

unit in the ink tank of Fig. 8, and Fig. 10B illustrates 
a process of manufacturing a spring/ seat unit in the ink 
tank of Fig. 8; 

Figs - 11A and 11B illustrate a process of manufacturing 
10 a spring/ seat /frame unit in the ink tank of Fig. 8; 

Fig. 12 illustrates a process of combining the 
spring/ seat unit and the spring/ seat /frame unit in the ink 
tank of Fig. 8; 

Figs - 13A and 13B are cross -sectional views of essential 
is portions in the combining process of Fig. 12; 

Fig. 14 illustrates a process of mounting the ink tank 
of Fig. 8; 

Fig. 15 is a cross - sectional view showing essential 
portions of the ink tank of Fig. 14 in the mounted state; 

20 Fig. 16 is a cross -sectional view showing an outline 

construction of an ink supply system in a third embodiment 
of the present invention when two components of the ink 
supply system are disconnected; 

Fig. 17 is a cross-sectional view showing an outline 

25 construction of the ink supply system in the third embodiment 
of the present invention when two components of the ink 
supply system are connected; 
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Figs. ISA, 18B, 18C, 18D, 18E and 18F are cross-sectional 
views showing How the ink supply system of Fig. 16 operates ; 

Pigs. 19A and 19B are cross-sectional views showing 
a pressure balance in the ink supply system of Fig. 16 ; 

Figs. 20A, 20B and 20C are cross-sectional views showing 
other example constructions of the first ink container of 
the third embodiment of the present invention ; 

Figs. 21A, 21B, 21C and 21D are cross- sectional views 
showing now an ink supply system in a fourth embodiment 
of the invention operates; 

Figs. 22A and 22B are cross-sectional views showing 
how the ink supply system in the fourth embodiment of the 
Invention operates; 

Figs. 23A and 23B are cross- sectional views showing 
how an ink supply system in a fifth embodiment of the 
invention operates ; 

Figs. 24A and 24B are cross -sectional views showing 
how an ink supply system in a sixth embodiment of the 
invention operates ; 

Fig. 25 is a cross -sectional view showing an outline 
construction of an ink supply system in a seventh embodiment 
of the present invention; 

Fig. 26 is a perspective view showing a construction 
of an essential portion of a communication path in an eighth 
embodiment of the present invention; and 

Fig. 27 is across-sectional view showinga construction 
of a second ink container in a ninth embodiment of the present 
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invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Some Preferred embodiments of the present invention 
as applied to aninkjet printing apparatus will be described 
with reference to the accompanying drawings. 

In this specification, the word "printing or recording - 
means forming images and patterns, including significant 
information such as characters and figures , on a print medium 
or processing the print medium, whether the information 
printed is significant or nonsignificant or whether it is 
latent or visible to human sight. 

The word "print medium" refers to not only paper 
generally used in printing apparatus but also materials 
that can accept ink, such as cloth, plastic film, met al 
plate , glass , ceramics . wood and leather . In the following 
the print medium may also be referred to as "print paper" 
ox* simply "paper. M 

Further, in a field of in* Jet printing, the present 
invention can also supply a process liquid for the print 
medium in the same way as the ink. 

(First Embodiment) 

[Outline Construction of Printing Apparatus] 
Fig. 1 is a schematic plan view showing an outline 
construction of an ink d et printing apparatus as a first 
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embodiment of the present invention. 

In Fig. i an inJc Jet cajrtridge (hereinafte;r referre<a 
to as a -head unit - ) 1 is positioned and replaceably mounted 
on a carriage 202. The head unit 1 has an in* Jet print 
■ head, a second in* tan* connected to the print head and 
two tubes 12, 13 communicating with the second in* tan* 
One of the tubes 12 is called an in* introducing tube because 
it has a function of mainly introducing ink into the Second 
ink tan*. The other tube 13 ±s called a gas discharge tube 
as it has a function of mainly discharging air from the 
second in* tan*. However, as described later, the ink 
introduction and air discharging are each performed by both 
of these tubes 12 , 13 . Hence, their names do not mean that 
they are dedicated to either ink introduction or air 
discharging function . The second ink tank and the two tubes 
12, 13 combine to form a second ink storage area. The in* 
jet print head is provided with an electric connecting 
portion (connector, that transmits a drive signal to each 
±nk ejection portion or nozzle through an external signal 
input terminal. The carriage 202 has a connector holder 
for transmitting the drive signal to the connector 

The carriage 202 is guided on a guide shaft 203 installed 
» the apparatus body so that it is reciprocally movable 
xn a main scan direction indicated by an arrow X The 
carriage 202 i S driven by a main scan motor 204 through 
a drive mechanism, including a motor pulley 205 , a follower 
pulley 206 and a timing belt 207, to control its position 
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and movement. The carriage 202 also has a home position 
sensor 210. and a shielding plate 216 is installed at a 
predetermined position in the apparatus body. When the 
home position sensor 210 on the carriage' 202 moves past 
the shielding pi at e 216, it determines that the carriage 
202 is at the home position. It is also possible to determine 
the position of the carriage 202 by using the home position 
as a reference position. 

Print media 208 such as print paper and plastic sheets 
are picked up ana fed downward in Pig. i one by one f rom 
an auto sheet feeder (ASF) 212 by operating a feed motor 
215 to rotate a pickup roller 211 through gears . The print 
medium 208 is further fed in a subscan direction indicated 
by an arrow Y by the rotation of a transport roller 209 
to move past a printing p 0sit i on facing a nozzle . a „ aye<a 
face of the print head of the head unit 1. The transport 
roller 209 is rotated by an LF motor 214 through gears 
A decision on whether the print medium 208 has been fed 
and a determination of a front end position of the print 
medium 208 during paper feeding are conducted when the print 
medium 208 passes the position of a paper end sensor 213 
The paper end sensor 213 is also used to detect a rear end 
position of the print medium 208 to calculate a current 
Printing position on the print medium 208 based on the rear 
end position detected. 

The print medium 208 is supported at its back on a platen 
(not shown, so that it forms a flat surface at the printing 
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position. The head unit 1 is held in the carriage 202 so 
that the nozzle-arrayed face of the print head protruding 
downward from the carriage 202 is parallel to the print 
medium 208 at the printing position. 

The head unit 1 is mounted on the carriage 202 so that 
the direction of an array of nozzles in the front face of 
the print head crosses the main scan direction X . The head 
unit 1 ejects in* droplets from the array of nozzles in 
the print head onto the print medium 208 to form an image. 

Designated 201 is a recovery mechanism which has a cap 
member to suck out ink from the nozzles of the print head 
of the head unit 1 and to protect the array of nozzles. 
This cap member is driven by a motor not shown to be brought 
into or out of hermetic contact with the nozzle array . The 
cap member is generally formed of rubber to ensure a 
sufficiently airtight seal between the nozzle array and 
the cap member when the cap member is pressed against the 
face of the print head. Witn the cap member hermetically 
enclosing the nozzle array, the inside of the cap member 
is evacuated by a suction pump to draw ink from the nozzles 
of the print head out into the cap member. In this way 
the suction-based recovery operation is performed. If the 
suction pump is not operated with the cap member pressed 
against the print head face , the cap member serves to protect 
the nozzles when the printing apparatus is not in use. 

Denoted 11 is a connector which connects a second ink 
tan* 125 (see Fig. 2) in the head unit 1 with a first ink 
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tank 51 (see Fig. 2) to refill the second in* tank 125 and 
discharge air from the same tank 125. The connector 11 
is attached with an ink introducing tube 12 and a gas 
discharge tube 13. Further, the connector 11 is provided 
on that surface of the head unit 1 which is situated at 
the top of the unit 1 during the use of the printing apparatus . 
When the carriage 202 moves to the home position, the 
connector 11 is connected to a supply unit 31 (see Fig. 
2) installed in the ink Jet printing apparatus. As shown 
in Fig. 2, the supply unit 31 has an ink supply tube 32 
and a gas extraction tube 33 which connect to the ink 
introducing tube 12 and the gas discharge tube 13, 
respectively. Further, the supply unit 31 is connected 
to the first ink tank 51 through an ink path 41. The in* 
path 41 is formed by a hollow tube that connects an upper 
part of the supply unit 31, situated above the tube during 
the operation of the printing apparatus, and a lower part 
of the first ink tank 51, situated below the tube during 
the operation. The first ink tank 51. the ink path 41 and 
the supply unit 31 combine to form a first ink storage area. 

Fig. 4A and Fig. 4B are explanatory views showing example 
constructions of the connector 11 and the supply unit 31. 

These figures show a construction of an ink introducing 
portion 21 of the connector H including the ink introducing 
tube 12 and a construction of the ink supply tube 32 of 
the supply unit 31 connected to the ink introducing portion 
21. These constructions also apply to those of the gas 
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discharge portion of the connector 11 including the gas 
discharge tube 13 and of the gas extraction tube 33 of the 
supply unit 31 connected to the gas discharge portion. 

As shown in Pig. 4A. the ink Supply tube 32 of the supply 
unit 31 has a cylindrical base member 32a in which a ball 

35 and a spring 3 4 that urges the ball 35 against a rubber 

36 are provided. The rubber 36 is attached to one end of 
the base member 32a and formed with a slit . An upper part 
of the base member 32a is formed with holes 32b that 
communicate the interior of the base member 32a to an ink 
storage space in the supply unit 31. Ink that flowed from 
the first ink tank 51 through the ink path 41 and the holes 
32b into the ink supply tube 32 of the supply unit 31 enters 
the base member 32a. In the disconnected state shown in 
Fig. 4A, the ball 35 closes the slit in the rubber 36, so 
the in* is prevented from leaking out from the ink supply 
tube 32 . The ink introducing portion 21 has a seal rubber 
26 slidable inside a base member 21a, an in* Introducing 
tube 12 installed so as to pass through a center hole in 
the seal rubber 26, and a spring 24 urging the seal rubber 
26 upward in the figure. The ink introducing tube 12 is 
hollow and pointed at its front end like a needle with a 
hole 12b formed in a side of the front end. The hollow 
ink introducing tube 12 communicates at its lower end with 
the interior of the second ink tank 125 and also with an 
outside through the hole 12b. The hole 12b is closed by 
the seal rubber 26 in the disconnected state of Fig. 4A . 
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When the carriage 202 moves to the home position the 
in* supply tube 32 ana the in* introducing tube 12 of the 
above construction axe connected together as shown in Pig. 
4B. That is. the base member 32a of the ink supply tube 
• 32 enters into the base member 21a or the in* introducing 
portion 21. pushing down the seal rubber 26 against the 
force of the spring 24. This causes the front end of the 
in* introducing tube 12 inside the in* introducing portion 
2! to pass through the slit in the rubber 36 and push up 
the ball 35 in the base member 32a against the force of 
the spring 34 . As a result, the hole i 2b of the lnk 
introducing tube 12 is open inside the base member 32a 
communicating the first in* tan* 51 and the second in* tan* 
125 through the holes 32b. 

[ Structure and Manufacturing Method of Second In* Tan* ] 
Referring to F igs . 8 to 14. an sxarnple of structure 
and manufacturing method of the second in* tan* 125 will 
be described* 

Fig. 8 is a perspective view of an second in* tan* 125 
manufactured through steps as described below, the tan* 
having an enclosed structure in which top and bottom 
spring/aheet units 114 are mounted to openings at the top 
and bottom of a square frame lis. As will be described 
later, the spring/sheet unit 114 is constituted by a spring 
unxt 112 including a spring 107 and a pressure plate 109 
and a flexible tan* sheet 106. The frame 115 is formed 
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with an ink supply port 128 fox- supplying an in* in the 
second in* tank 125 to an ink jet print head, a setting 
port (not shown) for setting the ink introducing tube 12 
and a setting port (not shown) for setting the gas discharge 
tube 13. 

Figs . 9A to 13B illustrate a method of manufacturing 
such second ink tank 125. First. Figs. 9A, 9B, and 9C are 
illustrations of steps of forming the flexible tank sheet 
106 with a convex shape. 

A sheet material 101 for forming the tank sheet 106 
18 f 0rmed fr ° m a raw ntaterial into a sheet having a large 
size, and the sheet material 101 is ^ important factox 
of the performance of the second ink tank 125. The sheet 
material 101 has low permeability against gases and ink 
components, flexibility, and durability against repeated 
deformation. Such preferable materials include pp, PE 
PVDC, EVOH, nylon, and composite materials wit h deposited 
aluminum, silica or the like. It is also possible to use 
such materials by laminating them. In particular 
excellent ink tank performance can be achieved by laminating 
PP or PE that has high chemical resistance and PVDC EVOH 
that exhibits highperf orxnance in blocking gases and vapors 
The thickness of such a sheet material 101 is preferably 
xn the range from about 10 pm to loo pm taking softness 
and durability into consideration. 

As shown in Fig. 9A . such a sheet material 101 is formed 
into a convex shape using a forming die 102 having a convex 
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Portion 103 . a vacuum hole 104 and a t 

■nechanism (not shown, The ' te "*«ature adjusting 

"wnj. The sheet material im • 
by the vacuum hole 1 04 Md fornle(J Jj^ 1 101 " abs «"ed 

is compliant with the 3 C ° nVe * Shape tha t 

. ***** «. 10 *t c r portion 103 by haat **- «- 

as shown m Pig T B Z 9 ^ lnt ° ^ -ape 

a tan, sh eet 1„ 6 hl^ng mate " al ^ ~* -to 

° 9 a Predetermined size ^ K 
Fxg. sc. The size is om SWn in 

o in accordance with the volume o f the ^ ~* 

^r containing Ink. * in * *«* "5 

Fig. 10A is an Illustration of a 
the spring unit li 2 usad ^ °* 
in the second ink tank 1 2S r^" 9 * ^"ive pressure 

m a semicircular con*- SP " n9 10? iS ^ 

rrcular conf iguration in advance 1= m „ 

a spring receiving Jig 108 m " XS mo ™ted on 

attached to the same - * Pressure plate log is 

same f ™ above through soot 
a welding electrode in Atha , * Spot 
to the pressure plate 10 s \ "° ±S 

* the spring i 07 ^ *» - constituted 

a the Pressure pi ate 109 . 
Fl9. 10B is an illustration of a sten 
spring unit 112 to the t an v . hunting a 

^ tne tank sheet loe 

112 is positioned on an inn SP "" n9 Unit 

an inner surface /-.-p ^ 

106 pi aced on a Urface of the tank sheet 

receiving JXg (not h 

adhesive 110 i S na **-^ . J " Tne thermal 

unit 114 . f 0;CTn a s Pring/ sheet 
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Fig. HA is ^ i llustration Qf & 

spxxng/sneet unit 114 to tne frame P Weld± ^ ^ 

secured to a frame - - ""^ 115 is 

31,16 recei ^9 Jig 116 . After- t- ^ n 
is position^ i er the flame 115 

positioned and placed on the ii a ^ 

:: 114 *• a ~ ««. »» *. jut 

the frame 115 without relafi™ , nd 
a heat hand 118 is l" d t """^-H—t. T herea f tar. 

surfaces of a t op ' 7 the ™ ally We " 3o int 
or a top side circumferential * 

' W and a cireumfer^^ edge J t " ^ ° f the **— 

— ing Jig 117 sets the circ x ential ; he shset 

frame lis in F ia n a „ ™rerentxal edge of the 

tan, sheet 106 9 of £ «*~— «~ edge of tne 

**ce-to-fa<=a r e Lt T™*'—- = «« "« *» a ^ 
o fa<=e relationship, the bonding surfaces „. , 

sheet ahsorhing Jlg 11? ls important S f d ox ^™*«~- «- 
in o rtM to proviae unlfQnn sMiing «— 1 weldin g 

. cuttex (not ;^; os a 7 tru<iin9 — «- ~ ». 

- ~ a by oattln :: ff r^rrrr r 119 

protruding from tha frame X15 . *"* Sh6St 106 

steps of thermally W9 i ain „ . _ """rations of 

-hricated tnro ug IT„ e aboV d M SP " n9/Sh6et l " 

it 119. =hown in Ptg . la< the 
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sprin g/S heet/ £ram e unit ai9 is „,ounte a on a receivino ■• 
(not shown) . a,J the peripherv of th " S 319 

» axg is in surface contact with . receiving 
«* the tan, sheet 106 of In. ~«*» 
to hoia the pianar sect unit X19 

». .e othe-^::^ ;r a rr — 

by a holding Jig l21 at an * ±S abso ^ed and held 

> the tan* sheet «I there , -eCt± ~ 106A °* 

eet 106 thereof . and the holding -Hq i , , - , 
to fit ends 107Aand 10 7B of 13 lowe "d 

-t ii. an. en d s ^tTx^ ^ " ^ 

™e enas 107A of tno i07 " " 1 - lt — ««^- 

the other ends 107B hev * ""^ sh *P*. «M 

enas 10 7B have a concave shane wm^k 
to tit each other respectiveiv an a eeL ax, ^ 

107 as a pair of SI)rin "orobimng those springs 

TheJL- 9 member f0rmi ^ bodies. 

The holdxng J±g 121 ±s fu q 

Pair of springs 107 » u d t0 com P*ess the 

P 9S 107 as shown in Fig 73* T „ , 
the holding j ig 121 „ » * " ^ ^ 

— of the spring Z^^ '^ ^ 
-at region of the tan, sheet ICS that is fo^ed - ' & 
confi gurati0n . As a result th " * °° m * 

section 106A of the t T Portion of the planar 

° f the tan * sheet 106 i S reaulatprt 
spring/sheet unit 114 am*™ k re ^ated, and the 

approaches the um> no 
120 located below the u 311(1 the J± 9 

tne sa me while being kenf 

ug Kept in parallel 
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with the m . Therefore. as shQwn tn pig 
hole 120A » contact with a Qf 

7' °* frSme " 5 - *» state, the annular 3oint 

t° M °* tOP eage « the frame ll5 

the sprrng/sheet unit 114 ^ the J 
other with a heat head 122. 

T:T:Z* Parall6liSm «- PI— section 106A 

of tne tanJc sheet 106 o-f ^v,„ 

«eer 106 of the upper unit 114 and tne clan,, 
section 10 6A of the tank sheet 1Q6 of 
the ink tMks hav±ng high ^ 

the planar section. l 06A of tha pair Q£ ^ 

7" °" ^ ~<=~ « a mass promotion basis with 

r unif r iy — *— - — « m Pi9S . l3i Ma 13B y 
it:::;: 1 :;, r fo ~ e that can inciina «- — 

ink tames 125 having high parallelism between the planar 
sections 10S A or the pair or tan, sheets 106 thereof" 
higher stabili ty . Purther , s±nce ^ ^ ^ 

IhPrgs. 13Aan*13 B . the interval between the planar sections 
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106A of the pair Q f tank sheets 

higher p^iL J m e • to ~ face 

stebllity. Further POSSlbl « to suppiy ink with 

urtner. the secona ink tank i« v 
' Se " in * P-Perty. pressure rasistaii 125 ha = 

-cense no f oroe ^ ~ 

°* the flexible tank shaet i<)6 a W— r section lo 6A 

Thereafter, the part of fh „ . , 
^« the frame lis ls out °^" *"* — " 106 P-truai ng 

o tenk 1M as shown in Plg " ~ C ° mP:lete ^ SSC ° nd 

ink tenk 125 has an , V int «-ior of the secona 

communication with IT """"" ^ *» 

PO- 1 28 . the «Cl7" aTtttl *°' 1 *^ 

*nk introauci„ g *~ «- 

^ - se ttin 9 the ~ a^:rr,~ t unsert -« 

fi9. 14 is en ill ustlra t ion of a steo of 
secona ink tank 1 25 to mounting the 

«— . er 130. L a p:l 1 Z7f' a±naninktankCOntaini - 
mounted in the ink tank J Se °° n<5 *** tM * S 125 "~ 

- tanks « ara rrrrrrrr 13 °- Th ° 

131 usin g welam. or bonain g 2 

of the present embodiment are m ^ ^ tan * S 125 

11 located on the bott " ±th ^ 

n the bottom thereof. 

is mountea to an openln g of the ink tank * ^ 

130 usin g welain. or bonain g to ftrlT «*~ ~ 

- the ink tank containing™ 'JT TT" ~ 

iJ0, A Plurality of 
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openings 14 are formed »+- ^ 

on the upper £aoe of the seco „V fc COnneCt ° rS " m ° Unted 
upward from the 1M ^ "* ^ »" =» extended 

-t-ia 132. The head chic m m ^ 

configuration ln „ hlc ™ e 3 «* *™»* -y nave a 

— - e3ect ZtT^ZT*™ 1 transauc ~ is 

*>r example . Specif ^ ^ »* port . 

employee in which <=»nf agnratioI1 fee 

yea in which film boiling of in* i = 
> generated by the 6 i.„ . S oause d by heat 

combining such an in* w M . / ^""^ ^ 

3 P " nt heS<1 Ma «» second in* 

Pig. 15 is a cross -sectional view or ti, u 

mounting the - ,. head 1 

vile second ink n c 

»- second in* tan* iTcan " 
"tilled with it. ^ J" r i aCOW "° date ink — oe 
Pott 13S or the second ^ " ^ ""^ 

- a supply path 136 . erom wTich Tt 

to a head chip 133 . The ^ ^ ^ ~ 

*. bonded with a heater board 13/" * emb ° ai "»"t 

Prlnthead. The heater board 13" e " ^ 3M 

paths and cririces and al ^ f ~™dwith Rejection 

•beaters, . This 1 t electrothermal transducers 

tbe second ^ZZ ^ ^ ^ 

Tne second J ta^ l 25 /anT^ ^ ^ 

tan* 125 can be rerili ea with ln * malnly 
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though the in* int r o dU c ing tube 12 attached to the 
11. T h e in* introducing tube 12 ± . securely 
ec tangular . shaped frame 115 ^ a 

leakage from the outside of the ink in,. * ■ 

_. ie lnjc Introducing tube 12 

125 u «faw Kith ink by connecttng connector 

situated at the top of the «. a - 

9as a ischarge tuba 13 to the 
supply unit 31 installed ir> t h . „ . 

the Panting apparatus. The 
,0 connects process vlll be ^ 

Paired springs 107 ln the seoon<j 
«„ ithasinglesprlngtliatiiasa8ijiiiarMn 

to that of the paired springs wtlen combinea . In » 

other tan, sheet 106 ^ then be sco _ d tQ ^ ~ 
by c« the single spring. « ls also 

iT T Sin9lS ^ ^ — tan, sheets 

10*. rather than securing the sin g ie spring to one or the 
o paired tank sheets 106. At 1.,, = * ^ 

Sheets 1 „ fi 6 °* the Paired tank 

sneets 106 need be formed of > *i 

urraea or a flexible member. 

(Ink Refilling Operation] 

17 °* head «" 1 1- and at the same 

time discharging a gas from the second ink tank 1 25 Bill 
be explained. 111 
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Fxg. 2 shows one of a plurality of second ink tanks 
125. with the connector u C f the second ink tank 125 
connected with the supply unit 31 of the first in* tank 
51. as shown in Fig. 2 . an area from the first ink tank 
51 to the ink path 41 to the Supply unit 31 may be def ined 
as a first ink storage area, an area from the ink introducing 
tube 12 and gas discharge tube 13 to the head chip 133 as 
a second ink storage area, and an area from the ink supply 
tube 32 and gas extraction tube 33 to the ink introducing 
tube 12 and gas discharge tube 13 as a connecting 

The fi rst ink tank 51 accommodates ink in a molded 
container formed with an ink extraction port 52 at its bottom 
and an open air communication port 53 at its top. Since 
the first ink tank 51 is situated higber than the second 
ink tank 125. the connecting ink path 41 is inclined 

The open air communication port 53 in the first ink 
tank 51 introduces air into the first ink tank 51 as the 
xnk is delivered from the first ink tank 51 and the ink 
volume in it decreases. This keeps the pressure in the 
first ink tank 51 at an atmosphere, assuring a smooth ink 
delivery. Thus, the open air communication port 53 needs 
only to be open at least after the ink begins to be consumed 
x.e. , after the first ink tank 51 is mounted in the printing 
apparatus. Therefore, the open air communication port 53 
may be closed by a seal .ember before the first ink tank 
51 is mounted in the printing apparatus . Closing the open 
axr communication port 53 until the first ink tank 51 is 
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runted is conducive to preventing an in* leakage and 

ZTT on tIom the container prlor to the u ~ « «»» «»* 

xn* tan* Si. opening the open air c 0m „unication port 53 
for tne use o f the in* tan* can be accomplished by the user 
peeling a seal Q « or Plmctuxlng „ ^ ^ 

hunting tne in* tan* in tne printing apparatus. 

Mhxl. in this embedment the rirst in* tan* has been 
described to be a folded container, it may be fo r„ed o\ 
- ^ flexible sheet. Ia that case, since the sheet 
bag can be deformed ana - 

ormed and its inner- volume can be changed 
as the ink is drawn out the onor, a - ranged 
ma . r ' the ° pen air communication port 

may be omitted. Bv in^t^i i ,-~ ^ 

By installing the flexible sheet bag in 

a non-deformable case, the sheet bag can be mounted 1th 

easeandprotectedagainstbeingdamagedbyexternalforces 

Next, the construction and operation of the second ink 
-nk win be explained. Xn the following the spring L 

eLvr: t tank 125 ±s ™* to be a — ™ *~ 

ease of explanation. 

The in* introducing tube la and the gas discharge tube 
ir-T,« tte ° U9h ^ Part ~ 

I" 5 :* ^ *«* -d securer bonded 

to the rectangular ^e lis where thay oontact 

^ introducing tube 12 is ^ „ith an in* introducing 
Port 12a at the lower end thereo. and the gas discharge 

eTthe " T~ 3 9M dlSCh " 9 * »" - - ~ 

tal "7 ; T ports beina sltuatea - «- ~- 

W5. in the second in* tan* 125 . the in* introducing 
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port 12a is situated lower than the gas discharge port 13a. 
The gas discharge port 13a is positioned a short distance 
from the rectangular frame 115 toward the interior of the 
second ink tank 125. 

Referring to Figs. 3A, 2B, 3C and 3D, the process of 
ref illing ink into the second ink tank 125 and discharging 
air from it will be described in detail. 

Fig. 3A shows the state of the second ink tank 125 
containing a sufficient amount of ink. In this state, the 
second ink tank 125 is not connected to the first ink tank 
51, with the connector 11 separated from the supply unit 
31. Further, the hole 12b (see Fig. 4A) in the ink 
introducing tube 12 is closed with the seal rubber 26 and 
the front end hole of the gas discharge tube 13 is also 
closed similarly. Thus, the interior of the second ink 
tank 125 is sealed almost airtight. 

As the printing apparatus starts printing and the ink 
in the second ink tank 125 begins to be consumed, a pair 
of two pressure plates 109 move inwardly of the second ink 
tank 125 from the state of Fig. 3A to reduce the inner volume 
of the second ink tank 125 (Fig. 3B) . Then, as shown in 
Fig. 3B, a spring 107 installed between the paired pressure 
plates 109 is compressed and the negative pressure in the 
second ink tank 125 increases progressively. As the ink 
volume in the second ink tank 125 further decreases, the 
paired two pressure plates 109 come closer together and 
the corresponding negative pressure develops in the second 
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Ill ? ' The ne9ative pressu ~ in the ™ *«* 

Lo t W " hln a " ° PtlmUm ran9S ° f ^ S ™ ~ 

( negate pressure ) for the print head . As the two „ 

line two pressure 
Plates iog coae oioser together, the second in* tan, shri„*s 

' into r lly- tne prin " ns appaxatus 1S — 

intermittently. Hence, during the process of - 

- h . 4 _. ._ „ sra process of consuming 

the m* r„ the second in* tan. 1M . it is very 

the printing apparatus „iii be stopped and ief t idie . Whiie 

Hi IT'" 9 aPParatUS 1S UMSad ' * — di -oXved in 

the in* ma y get vapori.ed or externa! air may enter into 
the second in* tan* x 25 through various parts of the tan. 

that lnC " aSe V ° 1Ume ^ 125 • »- «— 

that may get into the second in* tan* 125 inciude those 

enterrngfromthenos.iesoftheprintheadandthoseproduced 

This i tank * Urin9 e3eCti0n ° Pe " tl0n °* «» — t head . 

tan* IT T " 3 POSSib11 "- — — «- second in* 
tank 125, after ink consumption i « 

. ^ PU ° n ' 1S to b© refilled with 

ink from the first ink tank 51 the <^ m ~ 

OJ " tne same amount of ink as 
was supplied in the previous fi ii in 

P 3 operation may not be 

able to he supplied into the second ink tank X25 because 

of an effect of an increased gas volume in t-** 

i-«r.v to* m e ±n tne second ink 

tank 125. To eliminate this nmhio™ 

te mis problem, when refilling the 
second ink tank 125, the gas in fh. 

gas in the second ink tank 125 
needs to be discharged at the same time 

Tb«s, when more than a predetermined amount of ink is 
consumed from the second ink tank 125 i-h 

iri anK 125 ' the gas accumulated 

in the second ink tank 125 i «? c-^v. 

k i2o discharged at the same time 
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that the ink is refilled into the second ink tank 125 . as 
shown in Fig. 3C. 

First, the head unit 1 along with the carriage 202 is 
moved to the home position to set the connector 11 opposite 
the supply unit 31 for connection- With the connector 11 
and the supply unit 31 connected, the interior of the second 
ink tank 125 communicates with the interior of the first 
ink tank 51 through the ink introducing tube 12 and gas 
discharge tube 13. The negative pressure in the second 
ink tank 125 causes the ink to flow from the f i rst ink tank 
51 to the second ink tank 125 in the direction of arrow 
A in Fig. 3C through the ink introducing tube 12 and gas 
discharge tube 13. As the ink flows into the second ink 
tank 125, the inner volume of the second ink tank 125 
progressively increases , facilitated by the recovery force 
of the spring 107 compressed between the pressure plates 
109, until the second ink tank 125 reaches a final state 
as shown in Fig. 3D in which the tank sheets 106 are tensed 
to the maximum and the inner volume of the second ink tank 
125 is at its maximum capacity. 

The first ink tank 51 has an open air communication 
port 53 formed in its upper part to communicate its interior 
with an open atmosphere and keep the interior at an 
atmospheric pressure. So, the ink in the first ink tank 
51 is supplied to the second ink tank 125 through the ink 
introducing tube 12 and the gas discharge tube 13. As the 
second ink tank 125 is progressively filled with ink and 
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the ink level in +-v,^ 

vei m the second ink tank 12 5 rises „ 
a space above the ^ ^ ^ """ *" 

«- P«SSuri 2 ed gas no „ r^r; PreS — 

the second ink tank l,« <■ ™ '""to to e S oap a £ton 

- «- int^JCtui: ; ,irst in * «-* - 

— —pie. since the gas ai 7 "** In 

- i»k iht^ciirit rThtr 13 is short - 

head at the i OW er end of the gas « \ PreSSUre « -ter 
than that of the lo W er ^^^7* ^ " " 
' A= a r e Sult . the gas in "* tha "* deducing tube l 2 . 

6 gas ln the second ink tank i ok 
escapes through the g as discharge tube T 3 th 
ink introducing tube 12 Thus h ^ 
second ink tank «, reach ' intS "~ °* the 

~ in the s ji: r:r ,M,taeapi ^' «- 

9 as discharge tube ^Z^TL^ ^ 

indicated by an = * tank 51 as 

oy an arrow B of Fig 3D C i 

the gas discharge fron, * h Simultaneously with 

the first ink tank" SeC ° n * *"* 

tank „. through the ink" r trt>aUCe<1 ^ ^ second ink 
by an arrow A of F ig 2 ^ " " iDd — 

» - bei: w :: e r:;:; rr auci " 9 - 

the functions or the ink „ " ^ 3D ' 

— tube 13 lz::zt;it 12 and the ~ 

-e ink introdncing tube la a..^^™^ ^ 
ink and the gas discharge tube 13 *«™tac±ng the 

the gas . 96 tUbS 13 aSS1 ^ discharging 

The gas in the second ink tank 125 i s h - H 

^ 5 1S discharged out 
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into the ftat lnk tank M M bubbiee ^ 

d " aiS< = har96 P °» »• «* lower ena of the 

gas discharge tube 13 ana travel throuoh th 
31 ana the ink «,, th a, . tnrougn the supply nn±t 

at a higher position in a gravity airection. The first 

ink tank 51 is constructed simply as . oontainer 

accommoaate a llguld ink. so the gas aischargea 

mteriorof thefi«t< nt+ , 

tne f irst ± nJc tanJc 51 moves to an 

in the tank 5 1 and escapes thmn.h «.„ space 

The ink refilling accompaniea b y tne gas aisohaxge ^ 
performed until the ink level in .-h„ 

reach.* <-„ secona ink tank 125 

reaches the gas discharge port 13a of the gas aj <= „ 
tuhe 13. That is. when the ink level H\T 

tank 1 25 reaches the gas ais T ±nk 

. tBe 9aS °iacharge port 13a of the gas 

discharge tuhe 13. the ink refining operation is 
automatically stopped. Thus, the ink refilling of the 
second ink tank 1 25 aoes not reguire an y special pump is 
t r g y CarriSd Wh " e " «~ — «- aischarging 

After a predetermined volume of ink is supplied into 
tiie second ink - 

head unit w " maaner des ~ ib «a ahove. the 

head unit 1 together with the carriage 202 is moved away 

°" h ° me P ° S " 10n ** -*•»«• the connector 11 frol 

the supply unit 31 and is ready for ormt • 

— - » - - ;;pT::rt 9 3i :::r;:: 
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hole 12b at the front end of the ink introducing tube 12 
(see Fig. 4A) to be closed by the seal rubber 26 and the 
hole at the front end of the gas discharge tube 13 also 
to be closed similarly, sealing the interior of the second 
5 ink tank 125 almost hermetically. 

(Second Embodiment) 

Fig. 5 illustrates a second embodiment of the present 
invention. This embodiment represents a case where the 

10 first ink tank 51 is not necessarily installed at a position 
higher than that of the second ink tank 125 . In this example 
too, as shown in Fig. 5, an area from the first ink tank 
51 to the ink path 42 to the supply unit 31 may be defined 
as a first ink storage area, an area from the ink introducing 

is tube 12 and gas discharge tube 13 to the head chip 133 as 
a second ink storage area, and an area from the ink supply 
tube 32 and gas extraction tube 33 to the ink introducing 
tube 12 and gas discharge tube 13 as a connecting means. 
As shown in Fig* 5, even when the first ink tank 51 

20 is not installed at a position higher than the second ink 
tank 125, a connection between the connector 11 and the 
supply unit 31 , both constituting a connection unit , causes 
the ink to be supplied from the first ink tank 51 to the 
second ink tank 125 as in the first embodiment described 

25 above. However, the gas discharged from the second ink 
tank 125 does not move to the first ink tank 51 which is 
situated lower than the second ink tank 125. Hence, a gas 
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™ oaati » 9 ohamber 43 ls providea ln the 

to t«»po r ar ily a coo ma « e the gas dls fl 
second ink tank 12«; «pk e 
sh* „ n „ accomm °dating chamber 43 is 

shaped like a bag and made of a material 
s is fiexihi ~ *i 4- material such as nylon which 

1Dle DUt not elastic «t>h~ ~ 
43 has a ho, . 9 aoco "™°^tin 9 chamber 

a hoie to whl ch an op e „ lng 4 « ln the 

is connected. p n 42 

In this construction a process of i -, • 
rM«=,-.K= • S of falling ink and 

discharging gas will be explains v, 

6A 6B fi r „ explained by referring to F igs . 

«A. 6B, 6C and 6D and Figs. 7A and 7B 

First, when a sufficient amount of ink is present in 
the second ink tank i 25 , the connector 11 is separated ^ 
the supplv unit -si [eatrom 
PP Y Unit 31 ' as sn °wn in Fig. 6A At thi« 

s ^e no gas is discharged into the 0, ' 
43 th e « ae ^ed xnto the gas accommodating chamber 

43, the gas accommodating chamber 43 is almost filled with 

stalls Tret;; oT ~" ^ * 

a result of consumption of the in*- - 
i+- »c lnlc con tained in 

^ ■ LnK ro the print head. 
When the ink is supplied intr, +^ 
^ PP d lnto tne second ink tank 125 

the connector 11 and the supply unit 31 M 
shown in Fig. 6C w±th _ 6 COnnect ^- as 

9- <>C. With the connector 11 and the su „«i 
unit 31 connected the n^-n ■ supply 

^' cne negative pressure -■ ^ 

tank 125 draws the inv «* SeCOnd ink 

aws the ink f rom the first ink tank 51 into the 
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second ink tan* 125, as in the previous embodiment 

As the ink flows as described above, the second ink 
tank 125 inflates, assisted by the recovery force of the 
spring 107. as shown in Fig. 6D Md the ±nk Xm± ^ ^ 
second ink tank 125 progressively rises . At the same time 
the gas present in the second ink tank 125 enters into the 
gas accommodating chamber 43 through the gas discharge tube 
13. As the gaS discharged from the second ink tank 125 
enters into the gas accommodating chamber 43, the ratio 
of the gas occupying the g as accommodating chafer 43 
gradually increases and the ink in the gas accommodating 
chamber 43 which is decreasing in volume flows into the 
second ink tank 125. 

After a S9 ri« of ink filling Ma gas dlscharging 
operations is fi nlshed . tne conneotor „ ±s 
from the supply mL± 31 as shOKn ±n p±g _ ^ ^ ^ 
disconnected state, the s Upply unlt 31 is heiniet±ca 
Closed, so that the gas discharged into the gas accomodating 
chamber 43 remains there. 

Next, as shown in Fig. 7B, when an external force P 
18 applied to the accommodating chamber 43, the baglike 
gas accommodating chamber 4 3 collapses causing the gas 
therein to flow through the ink path 42 into the first ink 
tank 51. a press means to press the gas accommodating 
chamber 43 may be installed in the printing apparatus as 
required . 

In this construction, the inner volume of the gas 
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accomodating chamber 43 need, to b e se t large, than the 
inner vox™ of the ink path 42. If the inner volume of 
the gas accommodating chamber 43 is smaller than that of 
the in* path 42. there is a possibility that when the gas 
■ accommodating chamber 43 recovers its original shape after 
the gas in the chamber has been delivered to the first ink 
tank 51. the gas may remain in the ink path 42. That is 
when the gas accommodating chamber 43 is collapsed by the 
external force to send the gas from the gas accommodating 
chamber 43 to the first ink tank 51 and then relieved of 
the external force to return to its original state, causing 

accommodating chamber 43. the gas in the ink path 42 cannot 
be sufficiently replaced with the ink. leaving the gas to 
remain near the connecting portion between the ink path 
and tbe gas accommodating chamber 43 . The residual gas 
may get delivered into the second ink tank 125 . Therefore 
the inner volume of the gas accommodating chamber 43 is 
set larger than that of the ink path 42. 

(Third Embodiment) 

Figs. 16 and 17 illustrate a third embodiment of this 
invention. The first ink container (first ink tank, 51 
in this example is partitioned into two chambers, an ink 
chamber and a valve chamber 68 . which are communicated with 
each other through a communication port 56 

A deformable. flexible film (sheet ^ ± _ 
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provided in one part of the first ink container 51 . Between 
the sheet member 52 and an inner surface of the first ink 
container 51 is formed a space (ink chamber) to accommodate 
±nk. a space in the first ink container 51 Qn ^ outside 
of the sheet member 52, i.e. , a space above the sheet member 
52 in Fxg. 16, is open to an atmosphere through an open 
air communication port 55 and set equal to an atmospheric 
pressure. The first ink container 51, excluding a connect 
portion for the supply unit 31 provided below and a 
communication path to the valve chamber 68, essentially 
forms a hermetically closed space. 

A central portion of the sheet member 52 is restricted 
in deformation by a pressure plate 53 , a flat support member 
with a peripheral portion of the sheet member 52 ma de 
deformable. The sheet member 52 is formed convex at its 
central portion, with its side surfaces sloping down. As 
described later, the sheet member 52 is deformed according 
to ink volume changes and pressure variations in the first 
ink container 51. The peripheral portion of the sheet 
member 52 shrinks and deforms with a good overall balance 
and the central portion of the sheet member 52 moves 
vertically in the figure while keeping its horizontal 
attitude. Since the sheet member 52 deforms (or moves) 
smoothly, no impacts are produced by the defecation and 
thus no abnormal pressure variations due to impacts are 
produced in the first ink container 51. 

Further, in the first ink container 51 there is provided 
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a spring member 54 of a compression type that urges the 
sheet member 52 upward in the figure through the pressure 
plate 53. The action of the pressing force of the spring 
member 54 generates a negative pressure in a range of 
5 magnitude that enables ink ejection from the print head, 
the negative pressure being balanced with a holding force 
of a meniscus formed in each InJc ejection opening in the 
print head. Fig, 16 and Fig* 17 show a state in which the 
first ink container 51 is almost filled with ink and in 
10 which the spring member 54 is still compressed, producing 
an appropriate negative pressure in the first ink container 
51. 

A one-way valve 61 is provided to introduce air from 
outside when the negative pressure in the first ink container 

is 51 exceeds a predetermined value and to prevent an ink leakage 
from the first ink container 51. The one-way valve 61 has 
a pressure plate 63 and a seal member 65- The pressure 
plate 6 3 acts as a valve closing member having an open air 
introducing port 66 and the seal member 65 is secured to 

20 a case of the valve chamber 68 to oppose and hermetically 
close the open air introducing port 66 . The valve chamber 
68, excluding the communication port 56 to the first ink 
container 51 and an open air introducing port 6 6 , maintains 
a virtually hermetic / closed space. Inside the case of 

25 the valve chamber 68, a space on the right side of a sheet 
member 62 in the figure is open to atmosphere through the 
open air communication port 6 7 and thus set equal to an 
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atmospheric pressure . The sheet .ember 62 has its central 
portion joined to the pressure plate 63 with its peripheral 
portion made def ormable . This construction enables a 
smooth movement of the pressure plate 63 as the valve closing 
■ member to the left and right in the figure. 

in the valve chamber 68 a spring member 64 is installed 
as a valve restriction member to restrict a valve opening 
action. The spring member 64 is kept slightly compressed 
so that a reactive force of the compressed spring urges 
the pressure plate 63 toward right in the figure The 
expansion and compression of the spring member 64 gives 
a seal member 65 a valve function to close and open the 
open air introducing port 66 . The seal member 65 also has 
a function of one-way valve or chec* valve that pewits 
a gas to be introduced from the open air communication port 
67 through the open air introducing port 66 into the valve 
chamber 68, 

The seal member 65 need only be able to reliably close 
°P- air introducing port 66 airtight. That is the 
seal member 65 needs to be formed in such a shape as will 
secure an airtightness and its material is not limited to 
=n y particular material. For example, the seal member 65 
may be formed such that at least a portion or the seel member 
65 closing the open air introducing port 66 can keep a smooth 
contact with a surface of the pressure plate 63 surrounding 
the open air introducing port 66. Or. the seal member 65 
may have a rib capable of hermetically contacting the surface 
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of the pressure plate 63 around the open air introducing 
Port 66. Preferably, the seal member 65 is formed of an 
elastic body such as flexible rubber that can easily follow 
deformations of the sheet member 62 and the pressure plate 
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In the construction of the first ink container 51 as 
the ink is consumed from an initial state of the container 
51 full of ink. the negative pressure in the ink chamber 
of the first ink container 51 balances with the f 0rce of 
the valve restriction member ( spring member 64 ) in the valve 
chamber 68 . When from this balanced state the ink continues 
to be consumed and the negative pressure in the ink chamber 
of the first ink container 51 further increases, the open 
air introducing port 66 is opened allowing external air 
to flow into the ink chamber of the first ink container 
51. Since the sheet member 52 and the pressure plate 53 
can be displaced upward in the figure, the inflow of air 
increases the volume of the ink chamber and at the same 
time reduces the negative pressure in the ink chamber 
closing the open air introducing port 66 again. 

Further, when the environment surrounding the first 
ink container 51 changes, such as temperature rise and 
pressure reduction, the air trapped in the ink chamber is 
allowed to expand by a volume equivalent to a displacement 
of the sheet member 52 and pressure plate 53 from their 
lowermost displacement position to the initial position 
in other words, a space equivalent to that volume functions 
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as a buffer space. It ±s thus possible to alleviate a 
pressure Increase caused by surrounding environmental 
changes and thereby effectively prevent an ink leakage from 
the nozzles of the print head. 

Further , since no external air is introduced into the 
ink chamber before the buffer space is secured in the first 
ink container 51 by the ink being consumed from the initial 
ink-filled state of the container, even if sharp changes 
in surrounding environment occur or the container vibrates 
or falls, no ink leakage will result. Further, since the 
buffer space is not secured in advance even before the ink 
begins to be used, the first ink container 51 has a high 
volume efficiency and is constructed compact. 

Although in the above example the spring member 54 in 
the first ink container 51 and the spring member 64 in the 
valve chamber 68 are both shown schematically in the form 
of a coil spring, other forms of spring can also be used. 
For example, they may be a conical coil spring or a leaf 
spring. When a leaf spring is used, a pair of leaf spring 
members, vertically symmetrical to each other and roughly 
U-shaped in cross section, may be combined so that their 
open ends of U-shaped structure oppose each other. 

The second ink container (second ink tank) 125 in this 
example is constructed in the same way as described above. 
In this example, the gas transfer port (gas discharge port) 
13a of the gas transfer tube (gas discharge tube) 13 is 
situated on almost the same plane as an upper inner surface 
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of the rectangular frame 115. 

Next, referring to Figs. 18A to 18F, the process of 
refilling an ink into the second ink container (second ink 
tank) 125 and releasing a gas from the second ink container 
(second ink tank) 125 will be described in detail. 

A state in which a sufficient amount of ink is present 
in the second ink container 125 as shown in Fig. 18A, a 
state in which most of the ink in the second ink container 
125 has been consumed as shown in Fig. 18B, and a state 
in which an external gas has entered into the second ink 
container 125 and remains in an upper part of the container 
as shown in Fig. 18C are similar to those in Fig. 3A and 
Fig. 3B. As described above, the gas that stays in the 
second ink container 125 either enters from the nozzles 
of the print head or is generated during the ink ejection 
operation of the print head. 

As in the preceding embodiments, when more than a 
predetermined volume of ink in the second ink container 
125 has been consumed, this embodiment also supplies ink 
into the second ink container 125 and at the same time 
transfers the gas from the second ink container 125. 

First, the head unit 1 together with the carriage 202 
moves to the home position to oppose the connector 11 to 
the supply unit 31 for connection (see Figs. 18C and 18D) . 
With this connection established, the second ink container 
125 communicates with the first ink container 51 through 
the ink introducing tube 12 and the gas transfer tube 13. 
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As a result , a negative pressure in the second ink container 
125 causes the ink to flow in the direction of arrow A of 
Fig, 18D from the first ink container 51 into the second 
ink container 125 through the ink: introducing tube 12 and 
the gas transfer tube 13 . In this way the ink is supplied 
into the second ink container 125 through both of the ink 
introducing tube 12 and the gas transfer tube 13, which 
serve as multiple communication paths connected with the 
first ink container 51. The inflow of ink allows the inner 
volume of the second ink container 125 to progressively 
increase, facilitated by the recovery force of the spring 
107 compressed by the pressure plates 109. 

Then, when the inner volume of the second ink container 
125 becomes almost maximum, as shown in Fig. 18E # the gas 
in the second ink: container 125 is transferred through the 
gas transfer tube 13 and the gas extraction tube 3 3 into 
the first ink container 51 and at the same time ink is supplied 
into the second ink container 125 . That is , the ink supplied 
into the second ink container 125 compresses the gas in 
the second ink container 125 and a resulting pressure 
increase breaks ink meniscus formed in the gas transfer 
tube 13, allowing the gas in the second ink container 125 
to be transferred into the first ink container 51. At the 
same time , the ink in the first ink container 51 is introduced 
into the second ink container 125 through the ink introducing 
tube 12 . When the ink introducing port 12a of the ink 
introducing tube 12 submerges in the ink, the functions 
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of the ink introducing tube 12 and the gas transfer tube 
13 are more clearly differentiated, with the tube 12 
dedicated to introducing the ink and the tube 13 dedicated 
to transferring the gas. 
5 Tl\is ink filling process accompanied by the gas transfer 

continues until the ink level in the second ink container 
125 reaches the gas transfer port 13a of the gas transfer 
tube 13, as shown in Fig. 18F. That is, when the ink level 
in the second ink container 125 reaches the gas transfer 

10 port 13a of the gas transfer tube 13, the ink filling 
operation automatically stops . 

Next, referring to Fig. 19A and Fig. 19B, a pressure 
balance that is established as the gas is transferred from 
the second ink container 125 will be explained in detail. 

15 Our explanation focuses on an assumed stationary state in 
which the state of Fig. 18D, the ink supply and the gas 
transfer are executed, come to rest - 

First, a gas pressure in the second ink container 125 
is considered . Let a gas pressure in the first ink container 

20 51 be P and a pressure produced by a water head difference 
between the ink level in the second ink container 125 and 
the ink level in the first ink container 51 be Hs . Then, 
the pressure acting on the meniscus of ink formed in the 
gas transfer tube 13 on the side of the second ink container 

25 125 is Hs larger than the gas pressure P in the first ink 
container 51, or P+Hs, The pressure increase resulting 
from the water head is produced because the gas in the second 



48 - 



ink container 125 is hermet ically sealed , and is not produced 
in a construction in which the second ink container 125 
is open to atmosphere through an atmosphere communication 
port in the connector 11. 

Next , a pressure balance at a meniscus formed in the 
opening of the gas transfer tube 13 on the side of the second 
ink container 125 is considered. The meniscus at this 
position is acted upon by a downward pressure of P+Ha and 
an upward pressure of P+Hs. Since it is assumed that the 
upward and downward pressures balance each other, it is 
understood that a vertical pressure difference is balanced 
with a pressure Ma produced by the meniscus given below. 

Ma = 2ycos0a/Ra (1) 
where y is a surface tension of ink, 6a is a contact angle 
at which the ink contacts the gas transfer tube 13, and 
Ra is a diameter (inner diameter) of the gas transfer tube 
13, 

Thus, the pressure balance at the opening of the gas 
transfer tube 13 on the print head side is expressed as 
follows . 

(P+Hs) - (P+Ha) = Ma (2) 
Hs - Ha - Ma (3) 
That is, the pressure produced by a water head difference 
between the meniscus position in the gas transfer tube 13 
and the ink level in the second ink container 125, (Hs-Ha) , 
is balanced with the pressure (Ma) produced by the meniscus 
in the gas transfer tube 13 - 
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Therefore, when the volume of gas ±n the second ink 
container 125 increases and the following relation holds 

Hs -Ha > Ma (4) 
then the increased gas pressure in the second ink container 
5 125 breaks the meniscus in the gas transfer tube 13 , allowing 
the gas in the second ink container 12 5 to move into the 
first ink container 51. As a result, the ink in the first 
ink container 51 moves through the ink supply tube 32 and 
the ink introducing tube 12 into the second ink container 
10 125, raising the ink level in the second ink container 125. 

Since the inner volume of the gas transfer tube 13 is 
very small compared with that of the supply unit 31 , at 
an initial stage at which the gas begins to move, the ink 
level in the second ink container 125, whose inner volume 
15 is relatively large, does not rise significantly and the 
meniscus position in the gas transfer tube 13 quickly moves 
toward the upper opening of the tube on the first ink 
container 51 side . Hence, the pressure produced by a water 
head difference between the upper opening position of the 
20 gas transfer tube 13 on the first ink container 51 side 
and the ink level in the first ink container 51 becomes 
small. The pressure inside the second ink container 125 
is now significantly larger than a pressure Ma' of the 
meniscus formed in the gas transfer tube 13. The reduced 
25 downward pressure acting on the meniscus and the increased 
pressure in the second ink container combine to ensure a 
smooth transfer of the gas. Ma' is a pressure produced 
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by the meniscus formed in the gas transfer tube 13 on the 
first ink container 51 side. 

Then , if a pressure La produced by a water head equivalent 
to the length of the gas release tube 13 is as follows , 
the gas is transferred as shown in Fig. 18E. 

La < Ma + Ma' (5) 
In the above, we have discussed a case in which the 
lower end opening of the ink introducing tube 12 on the 
second ink container 125 side is in contact with the ink. 
If the apparatus is left unused for a long period of time, 
a large amount of gas may enter into the second ink container 
125 and the lower end opening of the ink introducing tube 
12 may get out of contact with the ink in the second ink 
container 125 , as shown in Fig. 19B. Let us now discuss 
this situation. 

In the foregoing explanation, since the lower end 
opening of the ink introducing tube 12 on the second ink 
container 125 side is in contact with the ink, we need only 
consider the pressure balance at the meniscus position in 
the gas transfer tube 13 • In the state of Fig . 19B . however , 
the ink meniscus formed in the ink introducing tube 12 must 
also be considered. 

Let us consider an instantaneous state of Fig. 19B in 
equilibrium* If we let a gas pressure in the second ink 
container 125 be P r and a pressure produced by the meniscus 
formed in the ink introducing tube 12 be Mi , then the pressure 
balance at the positions of the meniscuses in the ink 
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introducing tube 12 and the gas transfer tube 13 in the 
state of Fig. 19B is expressed as follows. 

P' - (P+Ha) = Ma, P r - (P+Hi) = Mi (6) 
Here , for the ink supply and the gas transfer to be performed , 
5 the following conditions must be established: 
P' - (P+Ha) > Ma, P r - (P+Hi) < Mi 
From this , we get 

P' - P > Ha + Ma, P ' - P < Hi + Mi 
That is , 

10 Hi + Mi > Ha + Ma 

Hi - Ha - H > Ma - Mi (7) 
Therefore, whether the ink supply and the gas transfer are 
performed or not is determined by a pressure difference 
H equivalent to a water head difference in the vertical 

is direction between the lower end openings , on the second 
ink container 125 side, of the ink introducing tube 12 and 
the gas transfer tube 13 and by a pressure difference (Ma 
- Mi) produced by menlscuses in the ink introducing tube 
12 and the gas transfer tube 13 . 

20 As described above, in this embodiment, a connection 

means having a plurality of passages is provided between 
the first and second ink containers 51, 125 and the heights 
of the lower end openings of these paths on the second ink 
container 125 side are differentiated. This construction 

25 enables the gas in the second ink container 125 to be swiftly 
transferred to the first ink container 51, without 
complicating the construction. By using this connection 
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means with multiple passages , the ink is supplied from the 
first ink container 51 to the second ink container 125. 
Further, since, after the gas in the second ink container 
125 has been transferred to the first ink container 51, 
the first ink container 51 has a predetermined level of 
negative pressure, the second ink container 125 at the end 
of the ink refilling will have the same negative pressure 
as that of the first ink container 51. Thus, after the 
ink has been supplied into the second ink container 125, 
there is no need to perform an initial negative pressure 
generation processing to produce a negative pressure in 
the second ink container 125 as by performing a suction-based 
ink discharge and a preliminary ejection. The 
suction-based ink discharge is an operation to suck out 
ink from the nozzles of the print head which does not 
contribute to printing, and the preliminary ejection is 
an operation to eject ink from the nozzles of the print 
head which does not contribute to printing. 

The negative pressure generation means to produce a 
negative pressure in the first ink container 51 may be a 
negative pressure adjust mechanism, such as shown in Fig. 
16, which incorporates a one-way valve 61 that introduces 
a gas from outside when the negative pressure in the first 
ink container 51 exceeds a predetermined value. The 
negative pressure generation means may also be a negative 
pressure generation mechanism described below. 

Fig. 20A illustrates the first ink container 51 equipped 
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with a negative pressure generation means using a capillary 
tube member (negative pressure generation member) 71 . The 
capillary tube member 71 is made of a polymer foam such 
as polyurethane and melamine and of a material having an 
ink resistance such as polyolefin and polyester, and 
designed to produce an appropriate magnitude of capillary 
attraction force between it and the ink. The capillary 
tube member 71 as a negative pressure generation member 
also has an effect of alleviating pressure variations due 
to temperature changes in the first ink container 51. For 
example, when ambient pressure falls or temperature rises, 
air in an ink chamber 73A on the left side in Fig . 2 OA expands . 
The expanded volume of air is absorbed by a capillary tube 
member 71 in an ink chamber 74B on the right side in the 
Fig. 2 OA to stabilize the negative pressure in the ink chamber 
73A and also to prevent an ink leakage. Denoted 72 is an 
atmosphere communication port to communicate the interior 
of the ink chamber 73B to the atmosphere. 

Fig. 2 OB illustrates an example construction using other 
than the negative pressure adjust means for the first ink 
container 51 of Fig. 16 . The negative pressure adjust means 
shown here is a negative pressure adjust mechanism that 
has a small air hole (atmosphere communication port) 81 
formed in a bottom of the first ink container 51 and uses 
an ink meniscus formed in the air hole 81. This mechanism 
breaks the meniscus in the air hole 81 when the negative 
pressure in the first ink container 51 becomes excessive. 
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thus introducing air from outside to keep the pressure in 
the first ink container 51 constant. 

Fig. 20C shows an example construction of a negative 
pressure generation mechanism that generates a negative 
pressure based on a water head difference. 

The ink level in the first ink container 51 is positioned 
lower in a gravity direction than the nozzles of the print 
head to generate a negative pressure by a water head of 
the ink. As the ink is introduced from the first ink 
container 51 through an ink path 42 into the second ink 
container 125 and an ink volume in the first ink container 
51 decreases, air is introduced through an atmosphere 
communication port 53 . This keeps the pressure inside the 
first ink container 51 at an atmospheric pressure at all 
times, ensuring a smooth delivery of the ink. Therefore, 
the atmosphere communication port 53 need only be open after 
at least the ink begins to be consumed, i.e., after the 
first ink container 51 is mounted on the printing apparatus . 
In other words, the atmosphere communication port 53 may 
be closed, for instance, with a seal member until the first 
ink container 51 is mounted on the printing apparatus. 
Further, the fact that the atmosphere communication port 
53 is closed until the first ink container 51 is mounted 
is effective in preventing leakage and evaporation from 
the first ink container 51 of the ink filled in the container 
51 before its use. Further, the opening of the atmosphere 
communication port 53 during the use of the first ink 
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container 51 can be accomplished by a user peeling off a 
seal that closes the atmosphere communication port 53 or 
puncturing the seal with a needle immediately before 
mounting the first ink container 51 on the printing 
apparatus . 

While in the example of Fig. 20C, the first ink container 
51 has been described to be a molded container, it may be 
formed of a bag-shaped, flexible sheet. In that case, the 
sheet deforms as the ink is extracted and its inner volume 
can be changed according to the ink volume accommodated 
therein, so that the atmosphere communication port 53 may 
be omitted. The flexible sheet bag may be accommodated 
in a non-deformable case to ensure an ease of mounting and 
protect the sheet against damage . To hold a gas transferred 
from the second ink container 125, a gas accommodating 
chamber 43 is provided above the supply unit 31. The gas 
accommodating chamber 43 can accommodate the gas 
transferred from the second ink container 125 and thereby 
complete the ink supply operation while maintaining the 
negative pressure in the second ink container 125 by the 
negative pressure in the first ink container 51. 

In addition to the constructions shown in Fig. 2 OA, 
Fig. 2 OB and Fig. 20C, the negative pressure generation 
mechanism may have also a variety of constructions as long 
as they can maintain an appropriate level of negative 
pressure . 

Since the filling of ink into the second ink container 
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125 requires no special pump, the printing apparatus can 
be prevented from increasing in size and complexity. 
Further, since a plurality of communication paths (in the 
embodiments described above, two paths) are provided 
5 between the first and second ink containers 51, 125, it 
is possible to transfer the gas from the second ink container 
125 into the first ink container 51 during each ink refilling 
operation to assure a stable volume of ink in the second 
ink container 125- Further, by taking advantage of the 

10 negative pressure in the first ink container 51, the second 
ink container 125 can be provided with an initial negative 
pressure to automatically stop the ink refilling operation . 

After a predetermined volume of ink has been refilled 
into the second ink container 125 in this way, the head 

is unit 1 is moved together with the carriage 202 away from 
the home position to separate the connector 11 from the 
supply unit 31. The head unit 1 is now ready for printing. 
When the connector 11 is disconnected from the supply unit 
31, the hole 12b at the front end of the ink introducing 

20 tube 12 (see Fig. 4B) is closed with the seal rubber 26 
and the hole at the front end of the gas transfer tube 13 
is also closed similarly, sealing the interior of the second 
ink container 125 almost hermetically again. 

25 (Fourth Embodiment) 

Figs. 21A to 21D and Figs. 22A and 22B illustrate a 
fourth embodiment of the invention. 
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This example represents a construction which moves a 
gas from the second ink container 125 into the first ink 
container 51 without placing the first ink container 51 
at a position higher than the second ink container 125. 
In this example , too , as shown in the figure , a region ranging 
from the first ink container 51 to the ink path 42 to the 
supply unit 31 may be defined as a first ink storage area, 
a region ranging from the ink introducing tube 12 and gas 
transfer tube 13 to the head chip 133 as a second ink storage 
area, and a region ranging from the ink supply tube 32 and 
gas extraction tube 33 to the ink introducing tube 12 and 
gas transfer tube 13 as a connecting means. 

As shown in Fig. 21A r even when the first ink tank 51 
is not installed at a position higher than the second ink 
tank 125, a connection between the connector 11 and the 
supply unit 31, both constituting a connection unit r causes 
the ink to be supplied from the first ink tank 51 to the 
second ink tank 125 as in the third embodiment described 
above. However, the gas discharged from the second ink 
tank 125 does not move to the first ink tank 51 which is 
situated lower than the second ink tank 125. Hence, a gas 
accommodating chamber 43 is provided in the ink path 42 
to temporarily accommodate the gas discharged from the 
second ink tank 125. The gas accommodating chamber 43 is 
shaped like a bag and made of a material such as nylon which 
is flexible but not elastic . The gas accommodating chamber 
43 has a hole to which an opening 44 at one end of the ink 
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path 4 2 is connected. 

The process of filling ink and transferring gas in this 
example of construction will be explained by referring to 
Figs. 21A to 21D and Figs. 22A and 22B. 

Fig. 21A shows a state in which the second ink container 
125 is deformed after the ink in the container has been 
consumed. As the pressure plates 109 come closer together, 
the spring 10 7 is compressed so that the interior of the 
second ink container 125 is still kept in an optimum range 
of negative pressure to supply ink to the print head. Fig. 
21A also shows a state in which a gas is present in the 
second ink container 125 because, for example , the gas was 
taken into the print head from outside while the ink was 
consumed . 

When the ink is supplied into the second ink container 
125 , the connector 11 and the supply unit 31 are connected, 
as shown in Fig. 2 IB. With the connector 11 and the supply 
unit 31 connected, the negative pressure in the second ink 
container 125 causes the ink to flow from the first ink 
container 51 into the second ink container 125, as in the 
previous embodiment . 

As the flow of ink proceeds in this way, the second 
ink container 125 inflates, assisted by the recovery force 
of the spring 10 7, as shown in Fig. 21C and the ink level 
in the second ink container 125 progressively rises. At 
the same time the gas present in the second ink container 
12 5 enters into the gas accommodating chamber 43 through 
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the gas transfer tube 13. As the gas discharged from the 
second ink: container 125 enters into the gas accommodating 
chamber 4 3 as shown in Fig. 2 ID, the ratio of the gas occupying 
the gas accommodating chamber 43 gradually relatively 
increases compared to the ink in the gas accommodating 
chamber 43 which is decreasing in volume flows into the 
second ink container 125. 

After a series of ink filling and gas discharging 
operations is finished, the connector 11 is disconnected 
from the supply unit 31 as shown in Fig. 22A. In this 
disconnected state, the supply unit 31 is hermetically 
closed . so that the gas discharged into the gas accommodating 
chamber 43 remains there. 

Next, as shown in Fig. 22B, when an external force P 
is applied to the gas accommodating chamber 43 , the baglike 
gas accommodating chamber 43 collapses causing the gas 
therein to flow through the ink path 42 into the first ink 
container 51 . A press means to press the gas accommodating 
chamber 43 may be installed in the printing apparatus as 
required . 

In this construction, the inner volume of the gas 
accommodating chamber 43 needs to be set larger than the 
inner volume of the ink path 42. If the inner volume of 
the gas accommodating chamber 43 is smaller than that of 
the ink path 42, there is a possibility that when the gas 
accommodating chamber 43 recovers its original shape after 
the gas in the chamber has been delivered to the first ink 
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container 51 , the gas may remain in the ink path 42. That 
is, when the gas accommodating chamber 43 is collapsed by 
the external force to send the gas from the gas accommodating 
chamber 43 to the first ink container 51 and then relieved 
5 of the external force to return to its original state, causing 
the ink in the first ink container 51 to flow into the gas 
accommodating chamber 43, the gas in the ink path 42 cannot 
be sufficiently replaced with the ink, leaving the gas to 
remain near the connecting portion between the ink path 
10 42 and the gas accommodating chamber 43. The residual gas 
may get delivered into the second ink container 125, 
Therefore , the inner volume of the gas accommodating chamber 
43 is set larger than that of the ink path 42. 

is (Fifth Embodiment) 

Figs. 23A and 23B illustrate a fifth embodiment of the 
invention. This embodiment represents an example 
construction in which there is practically no height 
difference between the ink introducing tube and the gas 

20 transfer tube, multiple passages formed between the first 
and second ink containers . 

Fig, 2 3A is a cross -sectional view of the second ink 
storage area and the connector 11. As shown in the figure, 
the ink introducing tube 12 and the gas transfer tube 13 

25 provided in the frame (base member) 115 of the second ink 
container 125 have their lower end openings on the second 
ink container 125 side situated at almost the same height. 
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A part of the lower end opening of the ink introducing tube 
12 on the second ink container 125 side is in contact with 
a groove 91 formed in the frame 115. 

Fig* 23B shows the second ink container 125 connected 
5 to the first ink container 51. In this connected state, 
when there is no height difference between the two flow 
paths formed by the ink introducing tube 12 and the gas 
transfer tube 13 , there is no difference between the ink 
meniscus forces produced in the lower end openings of these 

10 paths on the second ink container 125 side and therefore 
the gas transfer does not occur. However, as shown in the 
figure, since the groove 91 in the frame 115 is in contact 
with the opening of the ink introducing tube 12 , the capillary 
attraction force of the groove 91 causes the ink to flow 

is down the wall surface, breaking the meniscus in the opening 
on the ink introducing tube 12 side • According to the volume 
of ink that has moved into the second ink container 125, 
the gas pressure in the container 125 increases, which in 
turn breaks the meniscus in the ink introducing tube 12 , 

20 allowing the gas in the second ink container 125 to move 
into the first ink container 51. As described above, even 
when there is no height difference between the two flow 
paths , it is possible to transfer the gas . 

25 (Sixth Embodiment) 

Figs. 24A and 24B illustrate a sixth embodiment of the 
invention. This embodiment represents an example 
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construction in which a plurality of flow paths between 
the first and second ink containers 51, 125 are provided 
on the first ink container 51 side. 

In Fig. 24A, the ink introducing tube 12 and the gas 
5 transfer tube 13 are installed on the first ink container 
51 side. The lower end openings, with respect to a gravity 
direction, of the ink introducing tube 12 and the gas transfer 
tube 13 are differentiated in height and hermetically closed 
with a seal member (seal rubber) 26. The seal rubber 26 

io is urged downward by a spring 24 and is prevented by a stopper 
not shown from coming off. When, as shown in Fig. 24A , 
the first and second ink containers 51 , 125 are not connected , 
the lower end openings of the ink introducing tube 12 and 
the gas transfer tube 13 are closed by the seal rubbers 

15 26 . The frame 115 of the second ink container 125 is provided 
with seal members 3 each formed with a slit Sa. In the 
state of Fig. 24A, the seal members S close the slits Sa 
by their elasticity, sealing the second ink container 125- 
When, as shown in Fig. 24B, the first and second ink 

20 containers 51, 125 are connected, the ink introducing tube 
12 and the gas transfer tube 13 pass through the slits Sa 
in the corresponding seal members S into the second ink 
container 125- At this time, the seal rubbers 26 open the 
lower end openings of the ink introducing tube 12 and the 

25 gas transfer tube 13, communicating the interiors of the 
first and second ink containers 51, 125 with each other. 
The inner surfaces of the slits Sa of the seal members S 
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come into hermetic contact with outer circumferential 
surfaces of tlxe ink introducing tube 12 and the gas transfer 
tube 13 for an airtight seal. 

In this example, too r the ink supply and the gas release 
5 are simultaneously performed by a mechanism similar to that 
of the third embodiment . 

( Seventh Embodiment ) 

Fig. 25 illustrates a seventh embodiment of the 

10 invention, in which a plurality of flow paths situated 
between the first and second ink containers 51, 125 are 
constructed integral as one structure. 

In the preceding embodiments , the flow paths are formed 
of separate members, i.e., the ink introducing tube 12 and 

15 the gas transfer tube 13. It is also possible to divide 
the interior of one tube P into two to form two flow paths , 
as shown in Fig. 25- In the interior of the tube P a 
right-side portion functions as the ink introducing tube 
12 and a left-side portion as the gas transfer tube 13 . 

20 In Fig, 25, the tube P is installed in the connector 11 
on the second ink container 12 5 side and constructed in 
the similar manner to the tube of Fig. 4A. Parts identical 
with those of Fig. 4A are assigned like reference numbers 
and their explanations are omitted. 

25 By forming a plurality of flow paths in one tube, the 

number of tubes required to be installed can be reduced, 
which in turn makes it possible to reduce an insertion force 
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for connecting and disconnecting the first and second ink 
containers 51, 125 and reduce limitations on their 
positional accuracy. 

5 (Eighth Embodiment) 

Fig. 26 illustrates an eighth embodiment of the 
invention. In this embodiment, two flow paths between the 
first and second ink containers 51, 125 are formed by a 
single tube P, with one flow path 73 functioning as the 

10 ink introducing tube 12 and the other 74 as the gas transfer 
tube 13. Further, the tube P is provided with a portion 
75 that forms a fine groove along the ink path. The portion 
75 extends downward from an opening of the flow path 73 
on the print head side* The portion 75 protrudes downward 

15 from an upper inner surface of the second ink container 
125. 

In this construction, since the ink enters into the 
fine groove of the portion 75 by the capillary attraction, 
a meniscus with a high surface tension is not formed at 

20 the opening of the flow path 73 on the print head side. 
As a result, the ink easily flows down the path 73 into 
the second ink container 125 . That is , in this embodiment , 
too, even if there is no height difference between the 
openings, on the print head side, of the ink flow path 73 

25 and the gas flow path 74 , the ink delivery and the gas transfer 
are performed, producing the similar effect to that of the 
fifth embodiment described earlier. 
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The construction that prevents the formation of a 
meniscus with a high surface tension in the opening of the 
ink flow path on the print head side is not limited to those 
of the fifth and eighth embodiments. For example, the 
opening may be increased in size, a plurality of flow paths 
may be differentiated in inner diameter, or conditions of 
inner surfaces of the flow paths (contact angles with ink) 
may be differentiated by an appropriate selection of 
materials or surface treatments. These measures can be 
expected to produce the similar effects. 

(Ninth Embodiment) 

Fig. 2 7 illustrates a second ink container 125 in a 

ninth embodiment of the invention. 

In this example, the flow path 73 in Fig. 26 extends 

downward so that its opening on the print head side is 

situated near a bottom of the second ink container 125. 

In this construction the opening of the flow path 73 on 
the print head side is always in contact with ink in the 
second ink container 125. Thus, as long as the condition 
of equation ( 4 ) is satisfied, a gas is transferred at all 
times and there is no need to consider the situation where 
the state of Fig. 19B described earlier is likely to occur. 
It is also possible to provide around the opening of the 
flow path 73 on the print head side an ink accommodating 
chamber to ensure that the opening is always kept in contact 
with the ink. 
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(Other Embodiments) 

In the above embodiments two communication paths , the 
ink introducing tube 12 and the gas discharge tube (gas 
transfer tube) 13, are formed between the first ink tank 
51 as the ink container and the second ink tank 125 as the 
ink refilling container * Three or more communication paths 
may be formed between the first ink tank 51 and the second 
ink tank 125. The only requirement is an ability to 
discharge the gas from the second ink tank 125 into the 
first ink tank 51 through at least one communication path 
and at the same time supply the ink from the first ink tank 
51 into the second ink tank 125 through at least one other 
communication path. 

As described above, the functions of the communication 
paths formed by the ink introducing tube 12 and the gas 
discharge tube 13 are not limited to the supply of ink and 
the discharge of gas. For example, when the ink is 
introduced from the first ink tank 5 1 by the negative pressure 
in the second ink tank 125, both communication paths, the 
ink introducing tube 12 and gas discharge tube 13, are used 
for delivering the ink. Then, as the inner pressure in 
the second ink tank 125 increases, the gas in the second 
ink tank 125 is discharged through a relatively short gas 
discharge tube 13, a communication path through which the 
gas can more easily escape than through the other tube, 
and at the same time the ink is supplied through the other 
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communication path or* ink introducing tube 12 . Then, af tex- 
tile lower end opening of the ink introducing tube 12 is 
submerged in the ink, the functions of these communication 
paths are clearly differentiated, with the gas discharge 
s tube 13 assigned to discharge gas and the ink introducing 
tube 12 assigned to introduce ink. When the ink level in 
the second ink tank 125 reaches the gas discharge tube 13, 
the supply of ink is stopped* Therefore, it is possible 
to supply a desired amount of ink into the second ink tank 
10 125 depending on where in a vertical direction the lower 
end opening of the gas discharge tube 13 is situated. As 
a result , a predetermined amount of ink that fills the second 
ink tank 125 to its capacity can be supplied into the second 
ink tank 125. 

15 The communication paths may be constructed so that each 

of them can perform both of the ink introducing and the 
gas discharging functions until its lower end submerges 
in the ink in the second ink tank 125. Further, by 
differentiating flow resistances of fluids (ink and gas) 

20 in these communication paths by using different inner 
diameters and materials for the paths, the communication 
paths can be given roughly different functions, such as 
an ink introducing function and a gas discharging function. 
Further, by taking advantage of small differences in fluid 

25 flow resistance between the communication paths due to 
manufacturing variations, the functions of the 
communication paths may be distinguished roughly between 
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an ink introduction and a gas discharge. Therefore, if 
a plurality of communication paths are formed in the same 
configuration „ it is possible to smoothly supply ink through 
at least one of the communication paths while at the same 
time extracting gas from at least one other communication 
path. 

These communication paths may be formed of the 
corresponding number of tubes or formed in a single tube. 
For example , a double tube may be used to form a communication 
path in a central part of the tube and another communication 
path on an outer circumferential side . The only requirement 
is that a partition wall in a single tube needs to divide 
the interior of the tube completely or incompletely to form 
a plurality of communication paths . 

The present invention has been described in detail 
with respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art 
that changes and modifications maybe made without departing 
from the invention in its broader aspects, and it is the 
intention, therefore, in the appended claims to cover all 
such changes and modifications as fall within the true spirit 
of the invention. 
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